Although ProModel for Windows is primarily intended as a discrete event simulator aimed at part manufacturing systems, it supports construction of models that combine continuously varying processes that interact with discrete events. This paper proposes a general approach to modeling of combined discrete-continuous systems, describes the details of a particular example problem, and discusses some modeling issues.
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BACKGROUND AND PURPOSE Simulation of continuously varying systems or of combined discrete-continuous system gets short shrift in the basic texts. Law and Kelton (1991) have a subsection called "Other Types of Simulation." and devote three pages to it, identifying SIMAN, SIMSCRIPT, and SLAM II as suitable for building combined models. They describe the following three types of interactions that may arise in combined models: (1) a discrete event may cause a discrete change in the value of a continuous state variable, (2) a discrete event may cause a relationship governing a continuous state variable to change at a particular time, and (3) a continuous variable achieving a threshold value may cause a discrete event to occur or be scheduled. This paper describes an approach for incorporation of interacting continuous processes into a discrete event simulation model.
ProModel for Windows, a tool for simulating and analyzing production systems, is intended primarily for modeling discrete part manufacturing systems, In ProModel, a simulation is event-driven -the basic events being the arrival of Entities at Locations.
These basic events cause the execution of code blocks that describe the Processing (the Operations performed there and the subsequent Routing of the Entities to other Locations). The mechanics of model building in ProModel consist primarily of specifying code blocks that define the passage of materials through the system, sandwiched between initialization and termination routines. The programming language is procedural, has primitive but useful data structures, and provides conditional branching within a block. There is no explicit provision for looping or recursion.
The purpose of this paper is to show how ProModel for Windows can be used to construct combined discrete-continuous simulation models.
METHOD
A general equation that governs a continuous state variable, y(t), can be written in the form:
where dy/dt is the derivative of y with respect to time, t, and x represents the other state variables that define the system. For numerical evaluation, this relationship can be approximated by: Ay = f(y,x, t)xAt where Ay and At are finite changes in y and t.The value of y at a time of t+At can be written as Equation (l):
The method for incorporating continuous processes into ProModel rests on: (1) Although recent versions of this software give more direct support for the techniques described here, the earlier version is adequate for illustrative purposes. Second, the arrangement described is only one of several equally valid possibilities.
In particular, some features of the model are structured principally to illustrate the versatility of the modeling package. Third, the model uses a simple numerical integration technique that is valid only in very simple problems, but the method can be extended for practical problems in ways that Section 4 discusses. This section describes the formulation of a model described in Law and Kelton (1991) . They describe an oil tanker transport model in which discrete events, such as tanker arrivals and departures, depend on threshold levels reached by continuously varying quantities, such as the fill levels of storage tanks. The model was originally fully specified in Pritsker (1986) as an example problem to be implemented in SLAM II.
Problem Description
As an example of a combined discrete-continuous system, Pritsker (1986) specifies the following problem:
A fleet of 15 tankers carries crude oil from Valdez, Alaska to an unloading dock near Seattle, is full, unloading is halted until the amount in the tank decreases to 80 percent of capacity When the storage tank is nearly empty (less than 5 tb), supply to the refinery is halted until 50 tb is reached to avoid the possibility of frequent refinery start-ups and shut-downs. The characteristics associated with the tankers are listed below.
1. Nominal carrying capacity is 150 tb.
2
Travel time loaded is normally distributed with a mean of 5.0 days and a standard deviation of 1.5 days.
3. Travel time unloaded is normally distributed with a mean of 4.0 days and a standard deviation of 1 day. 4. Time to load is uniformly distributed in the interval 2.9 to 3.1 days. The initial conditions for the simulation are that the storage tank is half full and the tankers are to arrive at their loading points and '/2 day intervals, starting with the first at time O.
Model Description
The model uses one real Entity type -tanker, the oil Table  2 shows the initialization block for the model variables.
Discrete-Continuous numerical integration of the state equations, to wait for a specified integration time step, and finally tore-enter the same Location using aCONTI NUE routingto repeat the process through the entire simulation time, Table 4 shows the Operations blocks for the integrating Entities. The motivation for using two Entity types was to illustrate how ProModel Resource scheduling can be used to control part ofthe integration.
Tanker unloading was controlled by: (1) defining a resource named dock_workers, Stability is of particular concern in the modeling of combined discrete-continuous systems because of the abrupt changes in the state equations. Press, et al. (1992) suggest that the fourth order RungeKutta procedure "does an excellent job feeling its way through rocky or discontinuous terrain." The computational overhead of the Runge-Kutta methods can be partially offset by dynamically adjusting the integration time step size in response to tlhe state of the system at any given time. It is hard to improve on Press' imagery: "Many small steps should tiptoe through treacherous terrain, while a few giant stridles should speed through smooth uninteresting country side."
Because system state variables are available to ProModel's code blocks, local or global time step sizes can be adjusted to respond to predicted or past discontinuities.
External Data Logging
By introducing model elements (the continuous state variables) that are maintained, at least in part, by the user's code, the user may lose some of the desired statistical analysis normally a part of ProModel output, and this supplementary analysis may have to be arranged by external programs. ProModel supports this supplementary analysis by permitting data writing to external files, but volume and size of files become an issue. Writing values of continuously varying state variables to an external file at each integration time step may result in impractical volumes of data. For this reason, the data logging period should be adjusted along with the integration step size.
Integration Time Step
Selection of a proper integration time step size requires finding a balance between satisfactory resolution (prevention of overshoot in any of the continuous state variables), convergence, and stability on the one hand and the practical use of computer resources of execution time and data storage on the other.
In the example problem, the required resolution was specified, and the model interactions were simple enough that a static maximum time step could be calculated. In addition, because of the simplicity of the structure of the example problem, there was no tendency toward instability. In a practical case, however, careful experimentation is required.
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